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(54) Zumindest einseitig matte, biaxial orientierte Polyesterfolie 



(57) Die Erfindung betrrfft eine zumindest einseitig 
matte, biaxial orientierte Polyesterfolie bestehend aus 
mindestens einer Basisschicht (B), aus thermoplasti- 
schem Polyester und mindestens einer auf dieser Ba- 
sisschicht (B) aufgebrachten matten Deckschicht (A), 
die zu mindestens 70 Gew-% aus thermoplastischem 
Polyester besteht. Die Deckschicht (A) zeichnet sich 



durch eine charakteristische matte Oberflache bzw. Op- 
tik aus und ist fur die Verwendung als Verpackungsfolie 
oder fur Anwendungen im industriellen Sektor gut ge- 
eignet. Die Erfindung betrrfft weiterhin ein Verfahren fur 
die Herstellung der Folie und ihre Verwendung. 
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ABSTRACT 



The invention relates to a biaxially oriented polyester film 
having at least one matt side and composed of at least one 
base layer (B) made from a thermoplastic polyester and of, 
applied to this base layer (B), at least one matt outer layer 
(A) which comprises at least 70% by weight of thermoplas- 
tic polyester. liie outer layer (A) has a characteristic matt 
surface and characteristic optical properties and has good 
suitability for use as a packaging film or for industrial 
application. The invention further relates to the use and to a 
process for its production. 
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BIAXIALLY ORIENTED POLYESTER fit M 
HAVING AT LEAST ONE MATTSIDE^ 

BACKGROUND OF THE INVENTION 



[0001] 1. Field of the Invention 

[0002] The invention relates to a coextruded. biaxiallv 
onented polyester film bavine at Iea<* nn7™V» n^ally 
composed of at least oTbL ffit ZVt *** 

snc? poly6ster * «■ « 

T f T W ,ayW < A > which comprise/a 
SSn?° f ^nnoplasu-cpolyester, based on the 

has a characteristic man surface and characteristic optical 
properties and has good suitabihty for use asfpacE 

[0003] 2. Description of the Related Art 

l BI °?. JSln8 requirement for transparent 

H, EP ' A - 3 f 7 L 646 *«ribes a biaxially oriented poly- 
ester film which has at least one outer layer A S 
compnses a filler at a concentration of from oTto^to 

S? " aSTS Koute 

5^ 347 d-S"*^ (EX r ple m accordance with 
«fo« „f *• 5 not bm me desired matt surface. The 

Ssst"*" was outeide ,he -•• **- * 3£ 
SL^t 053 498 describes a ^ 

polyester film havmg more than one layer and havine a 
h^paren, base layer and, on at least one'side ft St 
another layer of matt appearance. The layer of maU appeX 
ance essenuaay consists of a polyethylene terephtE 
copolyester whose copolymer comprises from 1 to 1X32 

Ht-OCHjCHr-X.oHor 
H(— OCH 2 CHj— L ,o-CJL_X-r u ^ 

^SS - ( °-!SV? i " eger 2 to 140 > Md X oeing 
^«2~, — qCHj^— or — S0 2 — ) 

K,,^ 6 " ° rganic P 8 ^ 8 median diameter 
on the layer of matt appearance. The film has a hieh levelof 

ZtZi 8 ^ bel ° W 15 >' and transparency ^fiswTto 
the bounds of acceptability for specific applications (3£ 



S^^fl 6 , 05 * thal * the structure is 

oSL^SJf P , ? ^ dtbe Stn,Cture » ^ « * ^t 
haS2, m ( gb ^ d machin ery). In addition, the film 
has shorrommgs m production and its haze level is too high 
tor many applications. ^ 

[0009] Likewise known from the prior art are matt, biaxi 
ally onented polyester films of milky appeal 

,°2L D f A J a ^^ 7d ^ sa Proce S sforpro<lucing 
a milky polyester film having one or more layers, which 
compnses preparing a mixture made from partdes of a 
h^ar polyester with from 3 to 27% by weigh? of a 
homopolymer or copolymer of ethylene or propylene 
S £ -^re as a film, Aching theTln^' 

pTScut by °? mati0n m Sections running 
perpendicular to one another, and heat-setting the fitaA 
disadvantage of the process is that it is not possible toTuse 
me regnnd ansmg during production of the film (e^„«Z 
a mature of polyester and ethylene copolymer o ™2 
copolymer) without yellowing of the filTrhi S the 
process uneconomic, and the yellowish film JSS^J 
regrmd was unacceptable to the market. On LreX to 
concentration of the copolymer in the polyester Sim 

[0011] U S. Pat No. 3,154,461 claims a process for pro 
S; "axaaUy oriented matUurface filmtom tonno . 

ffi? tte 5 „t yeUlylene Poly-propyleneTm 
which the film compnses incompressible panicles fee 

ST ST* ^ ** si « »f f-"o.3'to 
20 and at a concentration of from 1 to 25% The 
apphcabon concerned also claims the matt film product 
° ,herein - However, the haze level of the fiS 
E£££J^"""" ° f US « » t0 ° bi ^ »r 
SUMMARY OF THE INVENTION 

Sal'.T ° re 30 ° bjeCt of me P resent »vention 
to provide a biaxially oriented polyester film havine at least 
one matt side and not having the disadvantages of to S 

2?mS me , ntl ° n 1 ! d ' 30(5 bavin e in particulafa higble^e 
of mattness together with good transparency, very ^Mehe^ 

1 PI M r° D 1 and Wly g00d Processibility^m Sfifif ca^ 
should be taken that the film can also be processed^ 
^;^ »t ^ould moreover be'enTu^t 
cun matenal ocenmng during film production can be rein 
troduced into the production process as regrind duri^ 
producdon of the film in amount of up SSfi 

ad^etT 1 ° ltbt ^ hout anysigmlS; 
adverse effect on the physical or optical propertiefof to 

t0 toveil,ion ' "e object is achieved 
by prowding a coextruded, biaxiafiy oriented polyester fihn 

ayer (B) made from a thermoplastic polyester and havine at 

J^SS ST 1 A) wbicb at ,e ^% 

tberm °P la f c Polyester, based on to total 

£l!n° U ^ (A) ' ^ P^ar orienution 

ap of to film is less than or equal to 0.164. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0014] The subclaims give preferred embodiments of the 
uwenuon, which are described in moroS Wt5 
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According to the invention, the film has at least two layers, 
the layers then encompassing the base layer (B) and the matt 
outer layer (A). 

[0015] To achieve a high degree of mattness together with 
good transparency and with high ease of production and 
with very good processibility of the film, according to the 
invention the planar orientation Ap of the film of the 
invention has to be less than or equal to a prescribed value. 
This value is defined as Ap-0.164. 

[0016] Production of a film with low gloss therefore 
requires a comparatively low planar orientation Ap. If the 
planar orientation Ap of the film is higher than the above- 
mentioned value of 0.164, the degree of mattness achieved 
for the film, or for the matt outer layer (A), and the 
transparency and the ease of production of the film are for 
the purposes of the present invention poor. If, on the other 
hand, the planar orientation Ap of the film is smaller than or 
equal to the abovementioned value, the degree of mattness 
of the film or of the matt outer layer (A), and the transpar- 
ency and the ease of production of the film are for the 
purposes of the present invention good. 

[0017] In one preferred embodiment of the invention, the 
planar orientation Ap of the film of the invention is below 
0.161, and in a particularly preferred embodiment it is lower 
than 0.158. 

[0018] In the preferred and particularly preferred embodi- 
ments, the film of the invention having at least one matt side 
has a degree of mattness which is comparatively particularly 
high and a transparency which is comparatively particularly 
high and an ease of production which is comparatively 
particularly high. 

[0019] At least 90% by weight of the base layer (B) is 
preferably composed of a thermoplastic polyester. Polyes- 
ters suitable for this purpose are those made from ethylene 
glycol and terephthalic acid (polyethylene terephthalate, 
PET), from ethylene glycol and naphtnalene-2,6-dicarboxy- 
tic acid (polyethylene 2,6-naphthalate, PEN), from 1,4- 
bishydroxymethylcyclohexane and terephthalic acid (poly- 
1,4-cyclohexanedimethylene terephthalate, PCDT), or else 
made from ethylene glycol, naphthalene-2,6-dicarboxylic 
acid and biphenyl-4,4'-dicarboxylic acid (polyethylene 2,6- 
naphthalate bibenzoate, PENBB). Particular preference is 
given to polyesters at least 90 mol %, preferably at least 95 
mol %, of which is composed of ethylene glycol units and 
terephthalic acid units, or of ethylene glycol units and 
naphthalene-2,6-dicarboxylic acid units. In one particularly 
preferred embodiment, the base layer is composed of poly- 
ethylene terephthalate homopolymer. The remaining mono- 
mer units derive from other aliphatic, cycloaliphatic or 
aromatic diols and, respectively, dicarboxylic acids. 

[0020] Other examples of suitable aliphatic diols are dieth- 
ylene glycol, triethylene glycol, aliphatic glycols of the 
formula HO— (CH 2 ) n — OH, where n is an integer from 3 to 
6 (in particular 1,3-propanediol, 1,4-butanediol, 1,5-pen- 
tanediol and 1,6-hexanediol) and branched aliphatic glycols 
having up to 6 carbon atoms. Among the cycloaliphatic 
diols, mention should be made of cyclohexanediols (in 
particular 1,4-cyclohexanediol). Examples of other suitable 
aromatic diols have the formula HO — — X — C 6 H 4 — 
OH, where X is -CH 2 — , — C(CH 3 ) 2 — , — C(CF 3 ) 2 — , 
— O — , — S — or — S0 2 — . Bisphenols of the formula 
HO — C 6 H 4 — C 6 H 4 — OH are also very suitable. 



[0021] Other aromatic dicarboxylic acids are preferably 
benzenedicarboxylic acids, naphthalene dicarboxylic acids 
(such as naphthalene- 1,4- or -1,6-dicarboxylic acid), biphe- 
nyl-x,x'-dicarboxylic acids (in particular biphenyl-4,4'-di- 
carboxylic acid), diphenylacetylene-x,x'-dicarboxylic acids 
(in particular diphenylacetylene-4,4' -dicarboxylic acid) or 
stilbene-x,x'-dicarboxylic acids. Among the cycloaliphatic 
dicarboxylic acids mention should be made of cyclohex- 
anedicarboxylic acids (in particular cyclohexane-l,4-dicar- 
boxylic acid). Among the aliphatic dicarboxylic acids, the 
C s -C 19 alkanediacids are particularly suitable, and the alkane 
moiety here may be straight-chain or branched. 

[0022] One way of preparing the polyesters is the trans- 
esterification process. Here, the starting materials are dicar- 
boxylic esters and diols, which are reacted using the cus- 
tomary transesterificatioD catalysts, such as the salts of zinc, 
of calcium, of lithium, of magnesium or of manganese. The 
intermediates are then polycondensed in the presence of 
well-known polycondensation catalysts, such as antimony 
trioxide or titanium salts. Another equally good preparation 
method is the direct esterification process in the presence of 
polycondensation catalysts. This starts directly from the 
dicarboxylic acids and the diols. 

[0023] Matt outer layer (A): 

[0024] The matt outer layer (A) and any other outer layer 
(Q present may in principle use polymers which are the 
same as those used for the base layer (B). Besides these, 
there may also be other materials present in the outer layers, 
and in this case the outer layers are preferably composed of 
a mixture of polymers or of a copolymer or of a homopoly- 
mer which comprises ethylene isoph thai ate units and/or 
ethylene 2,6-naphthalate units and/or ethylene terephthalate 
units. Up to 30 mol % of the polymers may be composed of 
other comonomers. 

[0025] In one advantageous embodiment, to achieve the 
desired mattness or the desired degree of mattness, the outer 
layer (A) comprises an effective amount of from 1.0 to 
10.0% by weight of a certain pigment system, based on the 
total weight of the matt outer layer (A). In one particularly 
advantageous embodiment of the film, the concentration of 
particles is from 1.1 to 9.0% by weight, and in one very 
particularly preferred advantageous embodiment it is from 
1.2 to 8.0% by weight. 

[0026] Typical particle systems advantageous for the 
degree of mattness of the film are inorganic and/or organic 
particles, such as calcium carbonate, amorphous silica, talc, 
magnesium carbonate, barium carbonate, calcium sulfate, 
barium sulfate, lithium phosphate, calcium phosphate, mag- 
nesium phosphate, aluminum oxide, lithium fluoride, the 
calcium, barium, zinc or manganese salts of the dicarboxylic 
acids used, carbon black, titanium dioxide, kaolin or 
crosslinked polymer particles, e.g. polystyrene particles or 
acrylate particles. 

[0027] It is also possible to select mixtures of two or more 
different particle systems, or mixtures of particle systems of 
the same chemical makeup but of different particle size. The 
particles may be added to the polymers of each layer of the 
film in the respective advantageous concentrations, e.g. as a 
glycolic dispersion during the polycondensation, or by way 
of masterbatches during extrusion. 

[0028] The man outer layer (A) is comparatively highly 
filled with inert pigments, to achieve the desired low gloss. 
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H D a ^„ P ^ CUlarly advan,a 8 eous embodiment, the concen- 
u I by We, 8 bt ' and »> the v «0- particularly preferred 
depends od the optical properties to be achieved in the film. 

T^SSS**"*" VWy8 °° d --'Porafioninto 
[0030] To achieve a very high degree of mattness fi e verv 

Jffi^lST* 8 ! " fT^ SyStem * whicn median 
fZ 2 O f « n 50 ° f ^ pi8men " grains is in the range 
Seril m ', ' n WWch ,he P^ent grain diameter 
eS to 8 1 7"""^ U tenm ° f ,he SPAN 98 ^ ^an or 

composes a pigment system in which 
of the pigment grains is in the range from 2.1 to y.pTand 
scattermg.slessth^orequaltolAInoneverypaSS 
n d m ?fT° US embodiment ' «"* matt outer layTr^rf^e 
E? e P r ^ nl "^Mion comprises a pigment system in 
which the median diameter of the pigment ^ains isTZ 
3 ^ 7 2 2 «° 7 8 ^ -d the ^ring^Tss^or 

SUr"^ 0 ^ ^ embodiment, the matt 
thl L T ( } ^P" 5 ^ ^des the polyethylene tereph- 

SSL e ? m ° P ^ ymer , 0r P^yler* terepbthdate 
copo ymer, another polymeric component 1 This com™ 

[0033] a) from 65 to 95 mol % of isophthalic acid; 
[0034] b) from 0 to 30 mol % of at least one aliphatic 
tocarboxykc add having the formula HOOqcS!) COOH 
where n is in the range from 1 to U; ^ < - n ^» LUU ". 

[0035] c) from 5 to 15 mol % of at least one sulfomonomer 
containing an alkali metal sulfonate group onThe.rnmf.l 
moiety of a dicarboxyhc acid; P 

EE* i. d) - * f^ymerizable aliphatic or cycloaliphatic 
glycol havmg from 2 to 11 carbon atoms, in [he S 
metric amount necessary to form 100 mol % of condensate; 

E J here Mch <* me P^nuges is based on the total' 

dSrtl T 0merS f0rmkg """P 01 *" 1- a detailed 
description of component I see also EP-A-0 144 878 which 
«s expressly incorporated herein by way of reference 
[0038] Component I is advantageously added as another 
polymeric component of the matt outer layer (A) Td ite 
?7 be <* * 30% by weight In ihTci: 
component I forms a blend or a mixture with the other 
polymers present in this layer, or else forms a copolymer by 
transestenfication during extrusion. ^ y Dy 

S .f°. r ,he P. u 'P os « of the present invention, mixtures 
ZfTl." 1 ?" 8 from the individual com 

ponents. For this, the individual constituents are genercX 
combined m the form of smaU^imensioned compressed 
mokungs, e.g. lenticular or bead-shaped pellets, anEd 
with one another mechanically, using a%uit^le "Sor 
Another way of producing toe mixture is to feeTthTSm- 



ponent l and the appropriate polymer for the respective laver 
separately to the extruder for the base layer oToto* fi? 
andto carry out mixing in the extruder and/or in toe 
downstream systems for transporting the melt. 

STIiw'k? 6 PWp0SeS ° f ,he pKseat invention, a blend 
whkbS?? "T"* ° f Mdividu al components 
ente A ^ ! g6r 66 S ? P! ? ted mto ue consum- 
mate ? haSpropenies «*• ,hose of a homogeneous 

KL 1 " T advant ag«»us embodiment, the matt outer 
layer (A) is characterized by the following set of parameters: 

B°SL ?n ^ ^ ^ 4 roughnessexpressed in termsof its 
T75 to^n T f ? m 150 10 1000 ^ Pteferably from 
ti^T^ PrcferaWy fr<«» 200 to 900 nm. 
nfmSL - T have an adverse effect on the degree 

SST * e !WfaCe ' Md values above lOOOnmimp^ 
the optical properties of the film. 

£043] b) The value measured for surface gas flow is in the 
range from 1 to 50 s, preferably in the rang! from 1 to 45 s 

hatred 50 ' dCgree ° f mattaL * «* mm' 

[0044] The base layer (B) may likewise also comprise 

(-fillers). Examples of stabilizers advantageously u«d are 

KL??^ J P j 8n,en,S (fiUeKS > for m* base layer (B) are 
lave^f and/< ! r ° rgaDic P^^ Si^o for the" outer 

HI™ eXamP ' e J CaJciUm Caroonate ' ^orphous Jca 
U c, magnesium carbonate, barium carbonate, calcium sul 
fete, banum sulfate, hthhim phosphate, caldu^ pEate 
magnesium phosphate, aluminunT oxide, liZm ffite 
toecalcium banum, zinc or manganese salts of the dicar- 
cro£S ^T d ^ nbla ^ tit a"iumdioxide,kaoKnJr 
SrSeJ POlyStyrcn6 0r ^mced acrylate 



[0046] In one particularly advantageous embodiment the 
Sr™ romP ^ 0Dly We P i 8 menb mtroduced via the 
Kze Pr0dUOeS a m^ with very particularly 

E 1 ' n th c advantageous usage form, the film is com- 

^LoTZLZ^ base T W a pp ,ied ^ 

two sides of this base layer, outer layers (A) and (C) at least 
4e outer layer (A) being matt, and toe film being p^ 
by the process of the invention. 6P"~uceo 

Kr (K*™ ,be ^ 1Syer <*> Ud ,he outer layera (A) 
lat? ,here may, if desired, also be an mtemediati 
layer This may agam be composed of the polymers 

er^'^^^^^^^PartcularlySed 
embodiment the intermediate layer is composed of toe 
polyester used for the base layer (B). The mterKte layer 

to^rS ^r 56 tlK CUSt0mary additives bribed. Ae 
thickness of toe mtermediate layer is generally above 03 
^. preferably in toe range from 0.5 to \ 5m , I 

[0049] In the particularly advantageous three-laver 
embodiment of toe novel film, the toicknl^ of to" outer 
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layers (A) and (C) is generally in the range from 0.1 to 5.0 
/an, preferably in the range from 0.2 to 4.5 jtan, and 
particularly preferably in the range from 0.3 to 4.0 /an, and 
the thicknesses of the matt outer layer (A) here may be the 
same as, or differ from, that of the outer layer (C). 

[0050] The total thickness of the novel polyester film may 
vary within certain limits. It is from 3 to 350 /zm, in 
particular from 4 to 300 /on, preferably from 5 to 250 /an, 
the base layer (B) preferably making up from 5 to 97% of the 
total thickness. 

[0051] The invention also provides a process for produc- 
ing the polyester film of the invention by coextrusion. 

[0052] The procedure for this process is that the melts 
corresponding to the individual layers (A), (B) and, where 
appropriate, (Q of the film are pressed, i.e. coextruded, 
through a fiat-film die, the resultant coextruded melt is 
drawn off for solidification on one or more rolls, the solidi- 
fied prefilm is then biaxially stretched (oriented), and the 
biaxially stretched film is heat-set and, if desired, corona- or 
flame-treated on the surface layer intended for treatment, 
and then is wound up. 

[0053] The biaxial stretching (orientation) is generally 
carried out sequentially, and preference is given to sequen- 
tial biaxial stretching in which stretching is first longitudinal 
(in the machine direction) and then transverse (perpendicu- 
lar to the machine direction). However, in another embodi- 
ment of the process, the biaxial stretching of the film may 
also take place simultaneously. 

[0054] As is usual in coextrusion, the polymer or the 
polymer mixture for the individual layers is first compressed 
and plasticized in an extruder, and any additives used may 
already be present in the polymer or the polymer mixture. 
The melts are then simultaneously extruded through a flat- 
film die (slot die), and the coextruded melt is drawn off on 
one or more cooled take-off rolls, whereupon the melt cools 
and solidifies to form a prefilm. 

[0055] The biaxial orientation is generally carried out 
sequentially, preferably orienting first longitudinally (i.e. in 
the machine direction-MD) and then transversely (i.e. per- 
pendicularly to the machine direction-TD). This gives ori- 
entation of the polymer chains. The longitudinal orientation 
can be carried out with the aid of two rolls running at 
different speeds corresponding to the desired stretching 
ratio. For the transverse orientation use is generally made of 
an appropriate tenter frame, clamping both edges of the film 
and then drawing toward the two sides at an elevated 
temperature. 

[0056] The temperature at which the orientation is carried 
out may vary over a relatively wide range and depends on 
the film properties desired. The longitudinal stretching is 
generally carried out at from about 80 to 130° C, and the 
transverse stretching at from about 90 to 150° C. The 
longitudinal stretching ratio is generally in the range from 
25:1 to 6:1, preferably from 3:1 to 5.5:1. The transverse 
stretching ratio is generally in the range from 3.0:1 to 5.0:1, 
preferably from 3.5:1 to 4.5:1. After the longitudinal stretch- 
ing and prior to the transverse stretching, one or both 
surfaces of the film may be in-line coated by known pro- 
cesses. The in-line coating may serve, for example, to give 
improved adhesion of a metal layer or of any printing ink 
subsequently to be applied, or else to improve antistatic 
performance or processing performance. 

[0057] For producing a film with a very high degree of 
mattness, improved transparency and improved ease of 



production (the film having less tendency toward break-offs 
during orientation), it has proven advantageous for the 
planar orientation Ap of the film to be less than or equal to 
0.164, preferably less than or equal to 0.161, very preferably 
less than or equal to 0.158. In such cases the roughness of 
the film is increased, and this is apparent in an improved 
degree of mattness, the incorporation of the pigments into 
the polymer matrix is more effective, apparent in improved 
transparency, and the strength of the film in the direction of 
its thickness is greater, apparent in improved reliability of 
the process for producing the film. The increased strength in 
the direction of thickness of the film reduces the tendency 
for tearing to be initiated or to propagate in the film during 
the production process. 

[0058] The significant variables affecting the planar ori- 
entation Ap have been found to be the longitudinal and 
transverse stretching parameters, and also the S V of the raw 
material used. The processing parameters include in particu- 
lar the longitudinal and transverse stretching ratios (X^ and 
Xtx,), the longitudinal and transverse stretching tempera- 
tures (T,^ and T,^), the film web speed and the nature of 
the stretching, in particular that in the longitudinal direction 
of the machine. 

[0059] For example, if the planar orientation Ap obtained 
on a film plant is above the values of the invention (e.g. 
planar orientation Ap-0.171), then increasing the tempera- 
tures during longitudinal orientation and transverse orienta- 
tion and/or lowering the stretching ratios during longitudinal 
stretching and transverse stretching can enable films of the 
invention to be produced. Examples of usual values for the 
parameters mentioned in the case of films, but not those 
which can be used for matt films of the present invention, are 





Longitudinal stretching 


Transverse stretching 


Stretching tempera tun 


:s 100 to 115° C 


100 to 115° C 


Stretching ratios 


4.3 to 5.0 


4.2 to 5.0 



[0060] In the case of the films of the invention, the 
temperatures and stretching ratios are generally within 
ranges as given in the table below: 





Longitudinal stretching 


Transverse stretching 


Stretching temperatures 


120 to 135° C. 


120 to 140° C 


Stretching ratios 


2;5 to 4.6 


3.5 to 4.1 



[0061] Further lowering of the stretching ratio is not 
possible, since the film would then have undesirable defects. 
If, for example, the longitudinal stretching ratio X MD is 
lowered below 2.5, the film obtained has transverse defects 
which, for example, are clearly visible in the metallic layer 
after the film has been metallized. 

[0062] For example, if the planar orientation Ap obtained 
with a machine is 0.173 with the following set of param- 
eters: XprfD-4.5 and Xtd-4.2, a longitudinal stretching tem- 
perature T MD of 114° C. and a transverse stretching tem- 
perature Tto of 121° C, then increasing the longitudinal 
stretching temperature T MD to 125° C. or increasing the 
transverse stretching temperature to Ttd-135 0 C. or lower- 
ing the longitudinal stretching ratio to ^^=3.8 or lowering 
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of 0.162. The fito , web speed here was 340 m/min, and the 
SV of the matenal was about 730. The temperatures given 
are based on the respective roll temperatures in the case of 
longitudinal stretching and on infrared-measured film tem- 
peratures m the case of transverse stretching. 

£?£? J 5 ** 1 -*"^ which follows, the film is held 

for from 0.1 to 10 s at a temperature of from 150 to 250" C 
The film is then wound up in a conventional manner. 
[0064] A generalized procedure for achieving the Ap val- 
ine! a fiir^Y^ fr ° m 4 ** 0f P aramete « s 
gives a film whose Ap value is not in accordance with the 

invention, is advantageously either 

Rr *!? to J Ba ^ t J bB stretc hi"g temperature in the MD 
by AT-from 3 to 15 K, preferably by AT-from 5 to 12 K, 
particularly preferably by AT-from 7 to 10 K, or 
[0066] b) to lower the stretching ratio in the MD by 
AX-from 0.3 to 0.8 preferably by AX-from 035 to 0.7, 
particularly preferably by AX-from 0.4 to 0.6, or 

K? r. C) to . mcrease me stretching temperature in the TD 
by AT-from 4 to 15 K preferably by AT-from 5 to 12 K, 
particularly preferably by AT-from 6 to 10 K, or 
[0068] d) to lower the stretching ratio in the TD bv 
AX-from 0.3 to 0.8, preferably by AX-from 035 to 0 7 
particularly preferably by AX-from 0.4 to 0.6. 

EH?* 11 h P ^ SSiWe ' Where "PPropriate, to combine 
Z^ a |! T ° f the ,bow measures a ) to d ) with one 
another. It has proven particularly advantageous here to 
combine measures a) and b) with one another. 

[0070] In one particularly advantageous embodiment, 
measures a) and b) are combined with one another to 
produce die matt film of the invention with a planar orien- 
tation Ap less than or equal to 0.164, in such a way thatX 
following range is maintained for the MD stretching tem- 
perature T^ in relation to the MD stretching ratio X^,: 
no + 3.o-A WD sr MD sno + s.ox M> ^ , 

1 £0}L .? G * 1 Sh ° WS ' his ran 6 e b y wa y °f we band 
between the upper and lower straight lines. Conditions can 



be established here using the procedure given above If Eq 
1 is satisfied it is ensured that the Ap values are always less 
torn or equal to 0.1 64 and that the film produced has an ideal 
degree of mattness. 

[0072] In the heat-setting which follows, the film is held 
tor from 0.1 to 10 s at a temperature of from 150 to 250° C 
The film is then wound up in a conventional manner 

[0073] One or both surfaces of the film is/are preferably 
corona- or flame-treated by one of the known methods after 
biaxial stretching. The intensity of treatment here is adjusted 
so as to give surface tension in the range above 45 mN/m. 

[0074] The film may also be coated to establish other 
desired properties. Typical coatings are layers with adhe- 
sion-promoting, antistatic, slip-enhancing or release effect 
It is, of course, possible for these additional layers to be 
applied I to the film by in-line coating using aqueous disper- 
sions after the longitudinal stretching step and prior to toe 
transverse stretching step. 

[0075] The film of the invention, having at least one matt 
side has excellent optical properties, i.e. low gloss together 
with high transparency, very high ease of production and 
very good processing performance. 

[0076] In addition, it has been ensured that cut material 
arising during film production can be reintroduced to the 
extrusion process as regrind during production of the film in 
amounte of up to 70% by weight, based on the total weight 
of the film, without any significant adverse effect on the 
physical properties of the film, in particular its appearance. 

[0077] The film therefore has excellent suitability for use 
in flexible packaging and specifically wherever its excellent 
optical properties and its good processibility are of particular 
importance, as particularly in its use on high-speed packag- 
ing machinery. h 

[0078] The table below (Table 1) gives once again a quick 
overview of the most important film properties of the 
invention. 



TABLE 1 



general preferred 



particularly 
preferred 



Unit Test method 



OUTER LAYER A 

Gloss, 60* 
COF 

Average roughness 

R. 

Range of value 
measured for 
surface gas flow 
Film properties . 

Haze 

Planar orientation 
Ap 



<80 
<0.6 
150- 
1000 


<70 
<0.5 

175-950 


<60 

<0.40 

200-900 


1-50 


1-45 




<50 


<45 


<40 


*0.164 


*0.161 


^0.158 



DIN 67530 
DIN 53375 
DIN 4768, 
cutoff of 
0.25 mm 
internal 



ASTM-D 
1003-52 
internal 
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[0079] The following test methods were utilized for the 
purposes of the present invention to characterize the raw 
materials and the films: 

[0080] SV (standard viscosity) 

[0081] Standard viscosity SV (DCA) is measured in 
dichloroacetic acid by a method based on DIN 53726. 

[0082] Intrinsic viscosity (IV) is calculated as follows 
from standard viscosity 

WDCA)-6.90710- 4 SV(DCA)*0.063096 

[0083] Coefficient of friction (COF) 

[0084] Coefficient of friction was determined to DIN 53 
375. The coefficient of sliding friction was measured 14 days 
after production. 

[0085] Surface tension 

[0086] Surface tension was determined by what is known 
as the ink method (DIN 53 364). 

[0087] Haze 

[0088] Holz haze was measured by a method based on 
ASTM-D 1003-52 but, in order to utilize the most effective 
measurement range, measurements were made on four 
pieces of film laid one on top of the other, and a 1° slit 
diaphragm was used instead of a 4° pinhole. 

[0089] Gloss 

[0090] Gloss was determined to DIN 67 530. Reflectance 
was measured, as an optical value characteristic of a film 
surface. Based on the standards ASTM-D 523-78 and ISO 
2813, the angle of incidence was set at 20° or 60°. Abeam 
of light hits the flat test surface at the set angle of incidence 
and is reflected and/or scattered thereby. A proportional 
electrical variable is displayed representing light rays hitting 
the photoelectronic detector. The value measured is dim en - 
sionless and must be stated together with the angle of 
incidence. 

[0091] Surface gas flow time 

[0092] The principle of the test method is based on the air 
flow between one side of the film and a smooth silicon wafer 
sheet. The air flows from the surroundings into an evacuated 
space, and the interface between film and silicon wafer sheet 
acts as a flow resistance. 

[0093] A round specimen of film is placed on a silicon 
wafer sheet in the middle of which there is a hole providing 
the connection to the receiver. The receiver is evacuated to 
a pressure below 0.1 mbar. The time in seconds taken by the 
air to establish a pressure rise of 56 mbar in the receiver is 
determined. 



Test conditions: 

Test area 45.1 cm 2 

Weight applied 1276 g 

Air temperature 23° C. 

Humidity 50% relative humidity 

Aggregated gas volume 1.2 cm 3 

Pressure difference 56 mbar 



[0094] Determination of planar orientation Ap 

[0095] Planar orientation is determined by measuring the 
refractive index with an Abbe refractometer according to 
internal operating prescription 24. 

[0096] Preparation of specimens: 

[0097] Specimen size and length: from 60 to 100 mm 
Specimen width: corresponds to prism width of 10 mm 

[0098] To determine n MD and n^ (-nj, the specimen to be 
tested has to be cut out from the film with the running edge 
of the specimen running precisely in the direction TD. To 
determine and n, (-nj, the specimen to be tested has to 
be cut out from the film with the running edge of the 
specimen running precisely in the direction MD. The speci- 
mens are to be taken from the middle of the film web. Care 
must be taken that the temperature of the Abbe refractometer 
is 23° C. Using a glass rod, a little diiodomethane (N= 1.745) 
or diiodomethane-bromo -naphthalene mixture is applied to 
the lower prism, which has been cleaned thoroughly before 
the test. The refractive index of the mixture must be greater 
than 1.685. The specimen cut out in the direction TD is 
firstly laid on top of this, in such a way that the entire surface 
of the prism is covered. Using a paper wipe the film is now 
firmly pressed fiat onto the prism, so that it is firmly and 
smoothly positioned thereon. The excess liquid must be 
sucked away. A little of the test liquid is then dropped onto 
the film. The second prism is swung down and into place and 
pressed firmly into contact. The right-hand knurled screw is 
then used to turn the indicator scale until a transition from 
light to dark can be seen in the field of view in the range 
from 1.62 to 1.68. If the transition from light to dark is not 
sharp, the colors are brought together using the upper 
knurled screw in such a way that only one light and one dark 
zone are visible. The sharp transition line is brought to the 
crossing point of the two diagonal lines (in the eyepiece) 
using the lower knurled screw. The value now indicated on 
the measurement scale is read off and entered into the test 
record. This is the refractive index n MD in the machine 
direction. The scale is now turned using the lower knurled 
screw until the range visible in the eyepiece is from 1.49 to 
1.50. 

[0099] The refractive index n^ or n z (in the direction of the 
thickness of the film) is then determined. To improve the 
visibility of the transition, which is only weakly visible, a 
polarization film is placed over the eyepiece. This is turned 
until the transition is clearly visible. The same consider- 
ations apply as in the determination of n MD . If the transition 
from light to dark is not sharp (colored), the colors are 
brought together using the upper knurled screw in such a 
way that a sharp transition can be seen. This sharp transition 
line is brought into the crossing point of the two diagonal 
lines using the lower knurled screw, and the value indicated 
on the scale is read off and entered into the table. 

[0100] The specimen is then turned, and the corresponding 
refractive indices n MD and n^-nj of the other side are 
measured and entered into an appropriate table. 

[0101] After determining the refractive indices in, respec- 
tively, the direction MD and the direction of the thickness of 
the film, the specimen strip cut out in the direction MD is 
placed in position and the refractive indices n TO and n a (-n z ) 
are determined accordingly. The strip is turned over, and the 
values for the B side are measured. The values for the Aside 
and the B side are combined to give average refractive 
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indices. TTk orientation values are then calculated from the 
refractive indices using the following formulae: 

A «i»-0>MD+»hT>+n l )/3 

[0102] Measurement of median particle diameter dj 0 

[0103] Tie m«Uan particle diameter was measured by 
kser on a Mah-ern MasterSizer by the standard mefcod 

Ht» 0 f °i her "JT Uremen ' devi °» «« the Horiba LA 
500 or Sympathec Helos, which use the same principle of 

^T en , l) ' F °!.* e S P tcimeos were Placed in a 

ceU with water, and tins was then placed into the test device. 
Jte test procedure is automatic and includes the mathemati- 
cal determination of the d J0 vahie. 

ES52J n, 5 dso ^ bere fe "ktermined *nned from 
the (relative) cumulative particle size distribution curve- the 
point of mtersection of the 50% ordinate with the cumulative 
cnn* directly gives the desired d 50 value on the absciss! 
ans, as shown more precisely on the graph of FIG. 2. 
[0105] Measurement of SPAN 98 

«™ J 1 ? e ( te f *vice used to determine SPAN 98 was the 
same as that described above for the determination of 
median diameter d so . SPAN 98 is defined here as follows: 



[0107] The (relative) cumulative particle size distribution 
curve is again used as a basis for determining d, 8 and d 10 
The point of mtersection of the 98% ordinate value with the 
emulative curve gives the desired d^ value directly on die 
abscissa axis, and the point of intersection of the 10% 
ordma te value with the cumulative curve gives the desired 
d„ value directly on the abscissa axis, as shown more 
precisely on the graph of FIG. 3. 

EXAMPLE 1 

SSI made &0m PdywhylMB terephthalate (pre- 
pared by the transesterification process with Mn as transes- 

SS^J : a,d ^ 1 Mnconcentrati °^l«>ppm)weredried 
atisu c to residual moisture below 100 ppm and fed to the 
extruder for the base layer (B). Chips made from polyeth- 
ylene terephthalate and from a filler were likewise fed to the 
extruder for the non-matt outer layer (C). 

[0109] Alongside this, chips were prepared from a poly- 

te ^ htba,a,e < pre P ared b y lhe transesterification 
Z f ^^rification catalyst, Mn concen- 
tration: 100 ppm) and dried at a temperature of 150° C to 

m£2 .h ^ tUre 100 PP ffl - ^ «. together with the 
filler of the invention, to the extruder for the matt outer layer 

[0110] A transparent, three-layer film of ABC structure 
and with a total thickness of 12 m was then produced by 
coextrusion Mowed by stepwise longitudinal and trans- 
verse orientation. The thickness of each outer layer is given 



Outer layer (A) was a 
mixture matte from: 



40% by weight of 
60% by weight of 



Base layer (B): 
100.0% by weight of 
Outer layer (C) was a 
miztare made from : 

93.0% by weight of 
7.0% by weight of 



polyethylene terephthalate with SV of 800 and 
masterbatch made from 95% by weight of 
polyethylene terephthalate and 5.0% by 
weight of silica particles (®Sylysia 430 from 
Fuji, Japan) with d*, value of 3.4 urn and 
SPAN 98 of 1.4. 

polyethylene terephthalate with SV of 800 



polyethylene terephthalate with SV of 800 and 
masterbatch made from 97.75% by weight of 
polyethylene terephthalate, 1.0% by weight of 
«Sylobloc 44 H (synethic Si0 2 from Grace) 
and 1.25% by weight of ©AerosD TT 600 
(fumed Si0 2 from Degussa). 



[0U1] The production conditions in each step of the 
process were: 



Extrusion: 



Longitudinal 
stretching: 
Transverse 
Stretching; 



Temperatures 

Take-off roll temperature 
Stretching temperature: 
Longitudinal stretching ratio: 
Stretching temperature: 
Transverse stretching ratio: 
Temperature: 
Duration: 



Layer A: 
Layer B: 
Layer C: 



290° C 
290° C. 
290° C. 
25° C. 
125° C. 
4.1 

130° C. 
3.9 

230° C. 
3s 



[0112] The planar orientation was in the range of the 
invention, at Ap-0.159. Th e film had the required low gloss 
and the required low haze. Furthermore, the film could be 
produced very efficiently, i.e. with no break-ofls, and also 
exhibited the required processing performance. Tables 2 and 
3 show the structure of the films and the properties achieved 
in films produced in this way. 



EXAMPLE 2 

[0113] Hie outer layer thickness of the matt outer layer 
(A) was raised from 1.5 to 2.0^, while the structure of the 
film and the method of production were otherwise as in 
fcxample 1. The result was an improvement in the decree of 
mattness of the film. 

EXAMPLE 3 

[0114] A film of 23 m thickness was produced by com- 
parison with Example 1. This meant that the speed of the 
machine was lowered by a factor corresponding to the 
thickness (output remaining constant). In order to obtain the 
planar orientation of the invention, the process conditions 
were slightly modified. The outer layer thickness for the 
matt layer (A) was 2.5 fm and that for the non-matt layer (O 
was 2.0 m . The result was a film with still lower gloss 
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Extrusion: 


Temperatures 


Layer A: 


290° C. 






Layer B: 


290* C 






Layer C: 


290° C. 




Take-off roll temperature 




25° C. 


Longitudinal 


Stretching temperature: 




124° C. 


stretching: 


Longitudinal stretching ratio: 




4 


Transverse 


Stretching temperature: 




129° C. 


stretching: 


Transverse stretching ratio: 




3.9 


Setting: 


Temperature: 




230° C. 




Duration: 




3s 



Outer layer (A) was a 
mixture made from: 



EXAMPLE 4 

[0115] The makeup of the outer layer (A) of matt appear- 
ance was changed from that of Example 3. Instead of the 
polyethylene terephthalate with SV value of 800, 20% by 
weight of the polymeric component I were now added to the 
outer layer (A) of matt appearance. This component I has the 
following makeup: 

[0116] a) 90 mol % of isophthalic acid; 

[0117] b) 10 mol % of the sodium salt of 5-sulfoisoph- 
thalic acid; 

[0118] c) 100 mol % of ethylene glycol. 

[0119] Introducing component I into the matt outer layer 
(A) further improved the transparency of the film. 



20% by weight of polyethylene terephthalate with SV value of 800 
20% by weight of component I and 

60% by weight of masterbatch made from 95% by weight of 
polyethylene terephthalate and 5.0% by 
weight of silica particles (®Sylysia 430 from 
Fuji, Japan) with d^ of 3.4 /an and SPAN 98 
of 1.4. 



Comparative Example 1 

[0120] Unlike in Example 1, the manner of production of 
the film was such as not to comply with the inventive 
condition that the planar orientation Ap is less than or equal 
to 0.164. The production conditions for each step of the 
process were: 



Extrusion: Temperatures 



Longitudinal Stretching temperature: 

stretching: Longitudinal stretching ratio: 

Transverse Stretching temperature: 

stretching: Transverse stretching ratio: 

Setting: Temperature: 
Duration: 



Layer A: 
Layer B: 
Layer C: 



290° C 
290° C. 
90° C. 
115° C 
4.4 

121° C 
4.2 

230° C 
3s 



[0121] The degree of mattness of the film and its trans- 
parency, and the ease of production became markedly 
poorer. 



TABLE 2 



Median 

Film Layer thick- pigment Pigment 

thick- Film nesses in diameter in concentrations 



Ex- 
ample 


ness 
in/mi 


struc- 
ture 




fan 




Pigments in layers 


layers in /an 


in ppm 




A 


B 


C 


A 


B 


C 


A B 


C 


A 


B 


C 


El 


12 


ABC 


1.5 


9 


15 


Sylysia 


none 


Sylobloc 44 H 


3.4 


2.5 


30,000 


0 


700 














430 




AerosU TT 600 




0.04 






750 


E2 


12 


ABC 


2.0 


8.5 


15 


Sylysia 


none 


Sylobloc 44 H 


3.4 


2.5 


30,000 


0 


700 














430 




Aerosil TT 600 




0.04 






750 


E3 


23 


ABC 


2.5 


185 


20 


Sylysia 


none 


Sylobloc 44 H 


3.4 


2.5 


30,000 


0 


700 














430 




Aerosil TT 600 




0.04 






750 


E4 


23 


ABC 


2.5 


185 


20 


Sylysia 


none 


Sylobloc 44 H 


3.4 


2.5 


30,000 


0 


700 














430 




Aerosil TT 600 




0.04 






750 


CE 1 


12 


ABC 


1.5 


9 


15 


Sylysia 


none 


Sylobloc 44 H 


3.4 


2.5 


30,000 


0 


700 














430 




Aerisil TT 600 




0.04 






750 
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[0122] 



TABLE 3 



Coefficient 
of friction 

Average 

Side C roughness 



VUues 
measured for 

surfaces gas flow 



Gloss 



Side Side Production 

^ '"° C S * C ~* "*C A p A C Haze performs 



E 1 
E2 
E3 
E4 
CE1 



40 
40 
41 
40 
45 



230 
2S0 
250 
250 
210 



60 
60 
60 
60 
50 



10 130 0.156 45 140 

* 130 0.156 40 142 
« 130 0.157 35 140 

* 130 0.157 32 140 
IS 135 0.166 55 150 



Key to production performance of films: 

* f no break-off, low production costs 

- frequent break-offs, high production costs for film 

What is claimed is: 

1. A coextruded biaxially oriented polyester film having 
^one^tts^Mdcomposedofatle^tonebasela^ 
hi! m ^ e , from ^ s he ™oplastic polyester, and of, applied I to 
this base layer (B), at least one matt outer layer (A) which 
composes at least 70% by weight of mermoplastic P oly«L r 
ba^ed on the total weightof the matt outer 1^<a£E£ 
the planar orientation Ap of the film is less or equal to 0 164 

2. The polyester film as claimed in claim 1, wherein the 
planar orientation Ap of the film is less than H^l to 

3. The polyester film as claimed in claim 1 wherein the 
gloss of the matt outer layer (A) is less than or eja? ro £ 

4. The polyester film as claimed in claim 1 whereto toe 
haze of the film is less than or equal to 50 

5. The polyester film as claimed in claim 1 wherein the 
matt outer layer (A) comprises an effectTe ImouTL £ 
range from 1.0 to 10.0% by weight of a pigment system 
based on the total weight of the matt outer layer (A) 
matt ^f?? yeSt /A? to 85 Claimed m c,aim if wherein the 
T\Z1L T (A) CT*!" 3 P^ 01 * which 
the medum diameter (d^) of the pigment grains is in the 
range from 2.0 to 8.0 ^m, and in which toe pigment pato 
diameter scattering expressed to terms of the 98* 
less than or equal to 1.9. ' 
m,» ™. C P? 1 ^" Sim ^ claimed in claim 1, whereto the 

£te hn£ f la f r (A) COm P, rises ' b"*** Xylene terephtha! 
hte homopolymer or ethylene terephthalate copolymer 

^nf P ^ ymen 5 ^P 0 ^ 1 which is a copolymer ^m: 
posed of the condensation product of the following mono- 

Polyeste^ y * of formtog 

a) from 65 to 95 mol % of isophthalic acid; 

b) from 0 to 30 mol % of at least one aliphatic dicar- 
boxyhc acid havmg the formula HOOCXCH,) COOH 
where n is in the range from 1 to 11; ^° 

c) from 5 to 15 mol % of at least one sulfomonomer 
containing an alkali metal sulfonate group on the 
aromatic moiety of a dicaiborylic acid; 

d) a copolymerizable aliphatic or cycloaliphatic glycol 
havmg from 2 to 11 carbon atoms, to the stoichiometric 
amount necessary to form 100 mol % of condensate; 

where each of the percentages is based on the total amount 
ot monomers formtog component I. 



38 
39 
41 
32 
55 



« The polyester film as claimed in claim 7, whereto the 
matt outer layer (A) comprises up to 30% by weight of 
component I. ' *^ 

9. The polyester film as claimed to claim 1, whereto the 
matt outer layer (A) has a roughness expressed in terms of 
Zl'J m ^T?** 60111 150 to 1000 nm - ">° wherein 
f ro 50 s m6 SUrfaCe g3S fl ° W * m *• riD & ^ 

10. The polyester film as claimed to claim 1 to whereto 
3 to 350 *e polyester film is in the rangTfrom 
3 to 350 fan from 5 to 97% of the total thickness preferably 
being made up by the base layer (B). P r «eraoiy 

in Jf,'; A P /2 CCSS for P^^S *e polyester film as claimed 
to t^L y f 0 ™*™? ? w bich the melts corresponding 
to the separate layers (A), (B) of the film are extruded 
together through a fla.-film die, the resultan^x^ 
SwS^flf ^ °n one or more rolle*. the 

afivl^C I ^ K th t D biaXiaUy and *• Waxi- 

flaL f f !, ^ " heat - set and » optionally corona- or 
flame-treated on the surface intended for treataient, and is 

£nair i , na > Wmch ^P^ out the longitu 

r^,^ ^ Dg 3t 3 tem P erah "« i" <be ran^ from 80 to 130° 
C. and the transverse stretching in the range from 90 to 150° 
rMK fmrT^ ^ ' lo °8i™.dinal stretching ratio fa the 

Snf inT I ' 1 ? 6:1 4 ^ d a "^en* stretching 
ratio m the range from 3.0:1 to 5.0:1. 

12. The process as claimed in claim 11, wherein one or 

Hj^i.* ,he &hD ™ **** coated afte ' "» long? 
todmal stretching process and prior to the transvense stretch- 
mg process. 

13. The process as claimed in claim 11, whereto for 

ttfSft H he,d at a te*I*'ature to toe AnZ 

from 150 bis 250" C. for a period in the range from 0 1 to 

f„n 4 ' ■ ThC P" 00 ^ 35 chhned inclaim 11. whereto the 

SraC 8 / 80 * 6 1S 1 maiDtained for *« «*D stretching , em! 
perature T^ m relation to the MD stretching ratio ^ 

ma 1 .fn-,? e pr ° Ce i S 85 Claimed m claim U. whereto cut 
^ process 10 P roduce the film is 
reintroduced to the extrusion process as regrind to amounts 

we'ign.Ttne'nZ. 20 ,0 ™ * ^ ^ ° D ' he to,al 



